Proximity induced superconductivity within the insulating (Li 0.84 The role played by the insulating intermediate (Li0.84Fe0.16)OH layer on magnetic and superconducting properties of (Li0.84Fe0.16)OHFe0.98Se was studied by means of muon-spin rotation. It was found that it is not only enhances the coupling between the FeSe layers for temperatures below ≃ 10 K, but becomes superconducting by itself due to the proximity to the FeSe ones. Superconductivity in (Li0.84Fe0.16)OH layers is most probably filamentary-like and the energy gap value, depending on the order parameter symmetry, does not exceed 1-1.5 meV.
The T c value raises up to ≃ 100 K in a single layer FeSe film grown on a SrTiO 3 substrate. 5, 6 Significant enhancement of T c is also observed in FeSe structures intercalated with alkali metal coordinated to molecular spacers (as e.g., ammonia, pyridine, ethylenediamine, or hexamethylenediamine) [7] [8] [9] [10] as well as by lithium-iron hydroxide. [11] [12] [13] [14] [15] In this case T c was also claimed to increase with the increased two-dimensionality. 16 However, to date, the enhancement of two-dimensional properties caused by intercalation were solely related to the increased distance between the superconducting FeSe layers. 10, 16 Due to the lack of good quality single crystals, the anisotropic physical properties as well as the role of the intermediate spacer layer
were not yet studied. Recently Dong et al. 15 have reported the synthesis of high-quality single crystals of (Li 1−x Fe x )OHFeSe with T c reaching ≃ 42 K. The highly anisotropic properties of (Li 1−x Fe x )OHFeSe were confirmed in the measurements of the normal state resistivity and upper critical field. In this letter we report on a detailed study of the evolution of the superconducting and magnetic properties of single crystalline (Li 0.84 Fe 0.16 )OHFe 0.98 Se by using the muon-spin rotation (µSR) technique.
The µSR experiments in zero-field (ZF-µSR) were performed in order to study the magnetic response of the sample. In two sets of experiments the initial muon-spin polarization P (0) was applied parallel to the crystallographic c−axis and the ab plane, respectively. Experiments confirm the homogeneity of the sample as well as the magnetic ordering within the (Li 0.84 Fe 0.16 )OH layer below T m ≃ 10 K (see the Supplementary information). Note that recent density functional theory calculations reveal that depending on the amount of Fe distribution disorder within the intermediate (Li 1−x Fe x )OH layer, both, the ferromagnetic and the antiferromagnetic type of order become possible.
17 For the particular sample studied here, the absence of "ferromagnetic-like" features on magnetization curves (see the Supplementary information and Ref. 12), the weak influence of magnetism on muons stopped within FeSe layers (see the Supplementary information) and the results of "field-shift" experiments (see below) suggest that the magnetic order in the intermediate (Li 0.84 Fe 0.16 )OH layer is antiferromagnetic like.
The homogeneity of the superconducting state was checked by performing series of field-shift experiments in transverse-field (TF) configuration. Figure 1 exhibits the Fast Fourier transform of the TF-µSR time spectra, which reflects the internal field distribution P (B). The black curve corresponds to P (B) obtained after cooling the sample at µ 0 H = 12 mT (H c−axis) from a temperature above T c down to 1.48 K (Fig. 1a ) and 20.2 K (Fig. 1b) . The sharp peak at B ≃ 12 mT, accounting for approximately 8% of the total signal amplitude is attributed to the residual background signal from muons missing the sample. The red curves are the P (B) distributions after field cooling in 12 mT and subsequently increasing it up to 15 mT. The analysis reveals that the background signal shifts up by ≃ 3 mT in agreement with the change of the applied field, whereas the signal from the sample remains unchanged within the experimental error. The asymmetric P (B) distributions reported on Fig. 1 possess the basic features expected for a well aligned vortex lattice. In the case of triangular lattice (inset in Fig. 1b ) the cutoff at low fields corresponds to the minimum in P (B) occurring at the midpoint of three adjacent vortices. The peak arises from the saddle point midway between two adjacent vortices, whereas the long tail towards high fields is due to the region around the vortex core. The field-shift experi- (ii) the absence of any background peak in the unshifted signal implies that the sample is free of sizeable nonsuperconducting inclusions.
The temperature dependences of the in-plane (λ ab ) and the out-of-plane (λ c ) components of the magnetic penetration depth were studied in TF-µSR experiments with the external magnetic field applied parallel to the c−axis and the ab−plane, respectively. The details of the data analysis procedure are presented in the Supplementary Information. We just recall here that the inverse squared penetration depth is directly proportional to the superfluid density λ −2 ∝ ρ s . The corresponding dependences of λ As a first step, we discuss the temperature dependence of λ −2 ab since it is primarily determined by the superconducting gap(s) opening in the ab plane. They should correspond to the ones measured directly in recent angle-resolved photoemission (ARPES) and scanning tunneling spectroscopy (STS) experiments.
18-21 At present, there is no consistency on the number of gaps (one versus two), their symmetries, and absolute values. ARPES experiments reveal the presence of a single band around the M point at the Brillouin zone with an isotropic (s−wave) gap. The reported gap value varies between ∆ s = 10.5 meV and ≃ 13 meV. The temperature dependence of λ
ab was further analyzed within the local (London) approach by using the following functional form:
(1) Here λ −2 (0) is the zero-temperature value of the magnetic penetration depth, The two-gap analysis was performed within the framework of the phenomenological α−model:
Here ω (0 ≤ ω ≤ 1) is the weight factor representing the relative contribution of the larger gap to λ −2 . The results of the analysis are presented in Fig. 2a and Table I Table I in the Supplementary Information, in the case of two anisotropic gaps, the relative weight of the smaller gap is consistent with zero. This suggests that the bands where the smaller gap is supposed to open do not supply any supercarriers to the superfluid density and, consequently, the energy gap cannot exist. However, the analysis reveals that by decreasing the degree of the larger gap anisotropy (a = 0. 25, Ref. 20) , the weight of the smaller gap continuously increases, reaching ≃ 40% for a = 0. This implies that if the two anisotropic gaps scenario is realized in (Li 1−x Fe x )OHFeSe, the larger gap should have a smaller anisotropy than suggested in Ref. 20 .
The temperature dependence of the inverse squared out-of-plane magnetic penetration depth λ −2 c ∝ ρ s,c is shown in Fig. 3 . It is reasonable to assume that the superconducting energy gap(s) detected within the ab plane should remain the same in the perpendicular direction. This seems to be correct for some Fe-based superconductors as e.g. SrFe 1.75 Co 0.25 As 2 , 25 FeSe 0.5 Te 0.5 ,
26
LiFeAs, 27 which are characterized by relatively small values of the anisotropy parameter γ λ = λ c /λ ab . By lowering the temperature γ λ changes from γ λ ≃ 2.0, 1.5 and 2.0 close to T c to γ λ ≃ 2.7, 2.5 and 1.0 at T ≃ 0 for SrFe 1.75 Co 0.25 As 2 , FeSe 0.5 Te 0.5 and LiFeAs, respectively.
25-27
The analysis reveals, however, that none of the gap models describing λ In (Li 1−x Fe x )OHFeSe the FeSe layers are weakly bonded to the intermediate (Li 1−x Fe x )OH layers via hydrogen atoms. The distance between the superconducting FeSe layers (≃ 9.3Å) is also higher than in most of the Fe-based superconducting families (including, e.g. 11, 111, 122, and 245 families). This clearly indicates that (Li 1−x Fe x )OHFeSe has a highly two-dimensional character, which is also confirmed experimentally by: (i) the observation of an extremely high resistivity ratio ρ c /ρ ab which increases continuously with decreasing temperature by reaching the value of ρ c /ρ ab ≃ 2500 at T = 50 K; 15 (ii) The similar electronic structure of (Li 1−x Fe x )OHFeSe and the single-layer FeSe on the SrTiO 3 substrate observed by means of ARPES and STS.
18-21 Both systems were found to have a similar Fermi-surface topology, band structure and superconducting gap symmetry. This statement is further confirmed by an agreement of our λ −2 ab (T ) data with the recent gap measurements from Ref. 28 , see the Supplementary Information; (iii) The present observation of a high value of the magnetic field penetration depth anisotropy. γ λ = λ c /λ ab ≃ 10 close to T c which decreases to ≃ 7 at T = 1.5 K (see the inset in Fig. 3 a) .
We believe therefore, that the enhanced twodimensionality of (Li 1−x Fe x )OHFeSe leads to the unusual observation of smaller gap opening along the crystallographic c−direction. The large s−wave gap(s) (or large anisotropic gaps, see Table I formation) correspond to a condensation of the supercarriers confined within the two-dimensional FeSe layers, whereas the tiny small gap opens in the (Li 1−x Fe x )OH layers and is induced by the superconducting FeSe layers due to proximity effects. Such situation is similar to the appearance of a proximity-induced gap in CuO chains in the cuprate superconductor YBa 2 Cu 4 O 8 .
29 The superconducting gap detected in the chains (≃ 5 meV) is significantly smaller than the gap in the superconducting CuO 2 planes (≃ 20 meV) 30 and is confined within a very narrow k−space region. We should stress, however, on the significant difference between (Li 1−x Fe x )OHFeSe studied here and YBa 2 Cu 4 O 8 . In the later compound the chains are metallic and, therefore, allow for conductivity (superconductivity) along the chain direction. In (Li 1−x Fe x )OHFeSe the resistivity anisotropy increases with decreasing temperature 15 thus suggesting that the intermediate (Li 1−x Fe x )OH layers become more insulating. Consequently, instead of expecting that the entire (Li 1−x Fe x )OH remains conducting (superconducting), there is a lack of conducting channels between the FeSe layers through the (Li 1−x Fe x )OH ones.
Indeed, there are indications from recent ARPES and STS experiments supporting the validity of the above scenario. STS measurements reveal that the (Li 1−x Fe x )OH surface has a metallic behavior when the FeSe layers exhibit superconductivity. 21 The tunnelling spectrum has a weak dip at a Fermi level which may point to a superconducting gap opening. We note that the modulation amplitude in STS experiments, ∆V = 1 meV, is comparable to the values of the smallest gap obtained in our studies. ARPES experiments on a similar (Li 1−x Fe x )OHFeSe sample show that in addition to the electron-like bands crossing the Fermi level at around the M point, there is a tiny electron-like weight at the Fermi energy near the Γ point, which could be a contribution from the (Li 1−x Fe x )OH layers. 19 The presence of such a tiny electron spectral weight might play a crucial role for the proximity effect.
We want to emphasize that the enhancement of the out-of-plane superfluid density (ρ s,c ∝ λ c (T ) data (see Fig. 3 ).
In conclusion, the magnetic and superconducting properties of (Li 0.84 Fe 0.16 )OHFe 0.98 Se single crystal were studied by means of muon-spin rotation technique. The zero-field and field-shift µSR experiments confirm the homogeneity of the sample and the antiferromagnetic ordering within the (Li 0.84 Fe 0.16 )OH layers below T m ≃ 10 K. The temperature dependences of the in-plane (λ ab ) and the out-of-plane (λ c ) components of the magnetic penetration depth were measured in transverse field µSR experiments. λ −2 ab (T ) was found to be consistent with gap opening within the superconducting FeSe planes and it is well described within either the single s−wave gap (∆ s = 10.5 meV) or two s−wave gaps (∆ s,1 = 15 meV and ∆ s,2 = 9 meV) scenario in agreement with the results of ARPES 18 and STS 21 experiments, respectively. The opening of an additional small superconducting gap of unknown symmetry (≃1.05 meV and 1.5 meV in a case of s− and d−wave symmetry, respectively) was detected from λ 
